Introduction
Cervical cancer (CC) ranks as the second most common malignancy in women, accounting for approximately 500,000 new cases and more than 250,000 deaths every year in the world. 1, 2 Estimation from the American Cancer Society indicates that 13,170 new cases will be diagnosed in the United State in 2019, and more than a third of patients will die. 3 Although the exact pathogenesis of CC remains largely unclear, increasing evidences have shown that the persistent infection of high-risk kind human papillomavirus (HR-HPV) might be one of the critical pathogenic factors in its initiation and progression. 4 Recent years, with the development and extensive application of HPV vaccine, the incidence of CC has been reduced to a considerable degree, making the morbidity and mortality of CC under effective control. 5 However, despite the tremendous advancement in medical technologies in the past decades, the molecular mechanisms of CC remain largely unknown.
Therefore, it is urgent to understand more about the molecular mechanisms of CC and identify several novel critical agents for the diagnosis and therapy of CC. Circular RNAs (circRNAs) are a newly identified type of non-coding RNAs in mammal cells with a circular structure. 6 Unlike linear RNAs, circRNAs have no 5ʹ-cap and 3ʹ-poly A tail, which enable circRNAs resistant to the degradation of exonuclease and RNase R. 7 Due to this character, circRNAs have been considered to be more conservative and stable compared to multiple linear RNAs, such as micro RNAs (miRNAs) and long non-coding RNAs (lncRNAs). 8, 9 Moreover, circRNAs' expression usually exhibited cell-, tissue-and even time-specific manner. 8 Thus, circRNAs were considered to be an important type of diagnostic and therapeutic agent of human tumors. 10 During the past decades, circRNAs have demonstrated to play a critical role in the initiation and progression of multiple human cancers, including breast cancer, lung cancer and liver cancer. 11 The implication of circRNAs in the pathogenesis of CC is supported by the microarray analysis showing the expression profiles of circRNAs are dysregulated in CC tissues compared to normal controls. 12, 13 The dysregulation of circRNAs expression profile in CC tissues suggested that they might play a critical role in the tumorigenesis of CC. However, the roles of most of circRNAs in the pathogenesis of CC remain undetermined.
In the present study, we aim to identify specific circRNAs that correlated to the tumorigenesis of CC, attempting to explore several novel diagnostic and therapeutic targets for CC patients. Bioinformatics analysis was performed in two GSE datasets (GSE102686 and GSE113696) to identify the dysregulated expressed circRNAs of CC tissue samples. As results showed that circ_103973 was identified to be upregulated in both GSE102686 and GSE113696 datasets. qRT-PCR detection of circ_103973 confirmed the upregulation of circ_103973 in CC tissue samples and cell lines. In the following functional assays, we found that circ_103973 might act as an oncogene of CC. In mechanism, circ_103973 was demonstrated to sever as a sponge of miR-335, which further targeted and regulated the expression of PPP6C. In conclusion, circ_103973 promoted CC cell proliferation in vitro by indirectly regulating the expression of PPP6C via sponging miR-335.
Materials and Methods

CC Tissue Samples
CC and adjacent normal tissue samples (5 cm beyond the boundary of the cervical cancer tissues) were collected from 23 patients who underwent surgery at the First Affiliated Hospital of Zhejiang University of Traditional Chinese Medicine during 2015-2019. Patients were an average of 59 years old, with a range of 29-78 years. The inclusion criteria included patients with pathologically diagnosed cervical cancer; patients are willing to provide written informed consents. The exclusion criteria included patients who have received chemotherapy and radiotherapy; patients with cognitive and communication disorders; patients who do not cooperate with the examination; patients with other severe visceral diseases or complications. All patients signed an informed consent document for diagnosis and research on tissue specimens before being enrolled in the project. All subjects gave written informed consent in accordance with the Declaration of Helsinki principles. All tissue samples were dipped in liquid nitrogen immediately removed from patients and then stored at −80°C.
Cell Lines
The human cervical epithelial cell line (HCerEpiC), and four CC cell lines (HeLa, CaSki, C33A, SiHa) were provided by the Committee on Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). All types of cell lines were cultured in the Dulbecco's Modified Eagle's Medium (DMEM; Invitrogen, Waltham, MA) containing 10% fetal bovine serum, 100 U/mL of penicillin, 100 μg/mL of streptomycin (Sigma-Aldrich) under 5% CO 2 , 95% O 2 and 37°C.
Cell Transfection
MiR-335 mimics, anti-miR-335 and corresponding scrambles were purchased from Genepharma Co., Ltd. (Shanghai, China). HeLa and C33A cells (5×10 4 cells/well) were seeded in 6-well plates and transfected with scrambles, miR-335 mimics and anti-miR-335 using Lipofectamine® 2000 Reagent (Invitrogen), respectively.
RNA Transfection
Specific shRNAs that target circ_103973 sh-circ_103973-1 (sh1), and sh-cicr_103973-2 (sh2), negative control (NC), miR-335 inhibitor (anti-miR-335), scramble, siRNAs of PPP6C (si-PPP6C), and si-NC were all designed and provided by GenePharma (Shanghai, China). For cell transfection, HeLa and C33A cells were plated into 6-well plates and cultured at 37°C for 24 hrs, and then cells were transfected with corresponding RNAs using Lipofectamine3000 (Invitrogen, CA, USA) according to the manufacturer's instructions.
Vector Construction and Transfection
The PPP6C plasmid was purchased from Hanbio (Shanghai, China), and the circ_103973 plasmid was purchased from Genechem (Shanghai, China 
RNA Extraction and Quantitative Real-Time PCR (RT-PCR) Assay
Total RNAs were isolated CC tissue samples and cell lines using TRIzol reagent (Takara, Tokyo, Japan). RNA quality was examined by a NanoDrop 2000 Spectrophotometer (Thermo Scientific, Wilmington, DE, USA) according to the protocols of manufacturer. Reverse transcription of circ_103973 and PPP6C were carried out using PrimeScript RT reagent kit (Takara, Tokyo, Japan), while the reverse transcription reaction of miR-335 was conducted with a miRNA First Strand Synthesis Kit (Takara, Tokyo, Japan). The qRT-PCR process was conducted on an ABI 7500 fast real-time PCR system (Applied Biosystems, Darmstadt, Germany) with a SYBR Premix Ex Taq Kit (RR420A, Takara, Tokyo). GAPDH was regarded as the endogenous control for circ_103973 and PPP6C; U6 was used as control for miR-335 normalization. Fold changes in expression of RNAs were recorded through 2 -ΔΔCt
. All sequences of primers are summarized as shown in Table 1 .
Flow Cytometer Detection
The treated HeLa and C33A cells were collected through centrifugation (1200 ×g for 5 mins), and the cells were counted using hemocytometer and adjusted cell concentration to 1×10 6 /mL. And then cells were fixed with 70% ethanol, treated with RNase A and stained with propidium iodide (20 mg/mL). Finally, the stained cells were all subjected for flow cytometry analysis (EPICS, XL-4, Beckman, CA, USA) following the instructions of manufacturers.
Cell Proliferation Analysis
Effects of circ_103973, miR-335 and PPP6C on cell proliferation of HeLa and C33A cells were evaluated by MTT and colony formation assays. For MTT assay, HeLa and C33A cells were seeded into 96-well plates at a density of 1000 cells/well and cultured overnight at 37°C. Subsequently, 20 µl MTT solution was added into each well and incubated for 4 hrs. After discarding the supernatant, 150 µl DMSO solution was added into each well and incubated for 15 mins at room temperature. Finally, the absorbance of each well was determined at 490 nm. For colony formation assay, treated HeLa and C33A cells were seeded into 6-well plates at a concentration of 3000 cells/well and maintained in a cell incubator with 5% CO 2 and 95% O 2 for 2 weeks. Subsequently, colonies were fixed using 4% paraformaldehyde followed by Giemsa staining for 30 mins. The visible colonies were counted manually.
Dual Luciferase Reporter Assay
For the establishment of recombinant luciferase reporter plasmids, the wild type (WT) and mutant (mut) fragments of circ_103973 containing putative miR-1205, miR-224, miR-335, miR-526b or miR-630 binding sites were amplified and inserted into the pGL3 (Promega, USA) vector. HeLa cells (2 × 10 4 ) were plated into 24-well plates and cultured overnight at 37°C. Then, miR-1205, miR-224, miR-335, miR-526b or miR-630 and Luc-circ_103973-WT or Luc-circ_103973-Mut were co-transfected into HeLa cells using Lipofectamine 3000 reagent. After 48 hrs of co-transfection, the luciferase activities of HeLa cells were measured by the Dual-Luciferase Reporter Assay System (Promega) following the manufacturer's instructions. The interaction between miR-335 and PPP6C in HeLa cells was also verified following the protocols above.
RNA Pull-Down Assay
HeLa cells stably transfected with biotinylated circ_103973 (Bio-circ_103973) or control (Bio-control) were harvested 
Statistical Analysis
Statistical analysis was conducted on SPSS v20 software (IBM Corp., Armonk, NY, USA) using one-way analysis of variance. All error bars represent mean ± SEM. P value less than 0.05 was considered as significant.
Results
Circ_103973 was Identified to Be Upregulated in CC
To identify specific circRNAs that might be involved in the tumorigenesis of CC, two circRNA expression profiles (GSE102686 and GSE113696) were downloaded from the GEO database (www.ncbi.nlm.nih.gov/geo). Volcano plots were formed using R software to show the differentially expressed circRNAs in GSE102686 and GSE113696 datasets, and circ_103973 was revealed to be dysregulated in both GSE102686 and GSE113696 datasets ( Figure 1A) . Results from GEO2R analysis indicated that circ_103973 was highly expressed in CC tissue samples compared to normal samples in GSE102686 and GSE113696 datasets ( Figure 1B ). To confirm the upregulation of circ_103973, we then detected its expression in both CC clinical tissue samples and cell lines using qRT-PCR. Results indicated that circ_103973 was significantly increased in CC clinical tissues compared to adjacent normal tissues ( Figure 1C) . Moreover, compared to the human cervical epithelial cell line (HCerEpiC), circ_103973 was also significantly upregulated in four CC cell lines (HeLa, CaSki, C33A, SiHa) ( Figure 1D ). In addition, we found that CC patients with high circ-103973 expression exhibited a worse prognosis than those patients with low circ_103973 expression ( Figure 1E ). To investigate the biological functions of circ_103973 in CC, we silenced its expression in HeLa and C33A cells by specific shRNAs followed by the analysis of cell apoptosis and proliferation using flow cytometry, MTT and colony formation assays. Two specific shRNAs (sh1 and sh2) were designed to silence the expression of circ_103973 (Figure 2A ). qRT-PCR showed a very high knockdown efficiency of circ_103973 shRNAs in HeLa and C33A cells ( Figure 2B ). For the apoptosis analysis using flow cytometry, circ_103973 shRNAs (sh1 and sh2) treated HeLa and C33A cells showed a significant upregulation of apoptosis rate than those cells treated with NC ( Figure 2C ). Results from MTT assay showed that circ_103973 shRNAs' treatment resulted in a remarkable inhibition of cell viability of HeLa and C33A cells ( Figure 2D and E). In the colony formation assay, we found that circ_103973 knockdown in HeLa and C33A cells could significantly reduce the number of colonies ( Figure 2F and G). Moreover, in order to further explore the possible mechanism of circ_103973 knockdown affecting CC cell proliferation, flow cytometer was carried out to the impact of circ_103973 knockdown on cell cycle distribution of HeLa and C33A cells. As shown in Figure S1 , the cell percentages in G1 and G2 phases were significantly increased, while the cell percentage in S phase was significantly reduced in circ_103973 siRNAs' transfection group compared to NC group, indicating that knockdown of circ_103973 promoted CC cell cycle arrest.
Circ_103973 Targeted miR-335, Which Reversed the Inhibitory Effects of circ_103973 Knockdown on CC Cell Proliferation
To investigate the molecular mechanism underlying circ_103973 in CC, bioinformatics analysis was performed to screen the target miRNAs of circ_103973 followed by the detection of target miRNAs using qRT-PCR in circ_103973-overexpressed HeLa cells. Results indicated that the change of expression of five miRNAs (miR-1205, miR-224, miR-335, miR-526b and miR-630) was greater than 1-fold in circ_103973-overexpressed HeLa cells compared with empty plasmid-transfected HeLa cells ( Figure 3A) . In addition, we found that miR-335 showed a lowest level in circ_103973-overexpressed HeLa relative to miR-1205, miR-224, miR-526b and miR-630 levels. Therefore, mir-335 was selected as our research object. Next, dual-luciferase reporter assay showed that miR-224, miR-335, miR-526b and miR-630, but not miR-1205, could attenuate the luciferase activity of HeLa cells driven by Luc-circ_103973-WT ( Figure 3B ). The luciferase activity of HeLa cells driven by Luc-circ_103973 was not affected by miR-1205, miR-224, miR-335, miR-526b and miR-630. RNA pull-down assay was performed in HeLa cells to further confirm the interaction between circ_103973 and miR-335. Results indicated that the expression of miR-335 in circ_103973 group was significantly higher than that of control group ( Figure 3C ). Results from MTT assay showed that circ_103973 knockdown significantly inhibited cell viability of HeLa and C33A cells; however, this effect was abrogated by co-transfection of antimiR-335 and circ_103973 shRNAs ( Figure 3D and E) . Similarly, the reduced colony number of HeLa and C33A cells induced by circ_103973 was also reversed by cotransfection of anti-miR-335 and circ_103973 shRNAs ( Figure 3F and G).
PPP6C was a Target Gene of miR-335 in CC Cell
According to the miRBase prediction, miR-335 could target PPP6C 3ʹ-UTR with a high score; dual-luciferase reporter assay was subsequently used to confirm the relationship between miR-335 and PPP6C in CC cells. The intensity of luciferase in CC cells driven by PPP6C-WT was attenuated by the transfection of miR-335, but not miR-NC; while the luciferase activity in those cells driven by PPP6C-MUT was not influenced by miR-335 or miR-NC ( Figure 4A ). After transfection of anti-miR-335, the expression of miR-335 was significantly downregulated, while the expression of PPP6C was remarkably upregulated in HeLa cells; after transfection of miR-335 mimics, miR-335 expression was significantly increased, while PPP6C expression was markedly decreased in HeLa cells ( Figure 4B ). To investigate the roles of PPP6C in circ_103973-and miR-335-mediated effects on TC, we silenced PPP6C by siRNAs and overexpressed PPP6C by overexpression vector, and the knockdown and overexpression efficiencies of si-PPP6C and PPP6C overexpression vector were examined via qRT-PCR assay ( Figure 4C ). The results of MTT assay revealed that miR-335 mimics transfection could significantly abolish the promoting effects of circ_103973 overexpression on HeLa and C33A cell proliferation, while these effects could be then reversed by the co-transfection of PPP6C in HeLa and C33A cells ( Figure 4D, left) . Anti-miR-335 treatment could significantly abolish the inhibitory effects of circ_103973 shRNAs on cell proliferation, while these effects could be reversed by the cotransfection of si-PPP6C in HeLa and C33A cells ( Figure 4D , right). Similarly, the results of colony formation assay showed similar results with the results of MTT assay ( Figure 4E ). Data from qRT-PCR indicated that miR-335 was reduced, while PPP6C was increased in the CC tissue specimens compared to normal one ( Figure 4F ). A negative correlation was observed in the expression of circ_103973 and miR-335, as well as PPP6C and miR-335, in CC, while a positive correlation was revealed between the expression of PPP6C and circ_103973 in CC ( Figure 4G ).
Discussion
Implication of HPV infection in the etiology of CC has been widely recognized by public; therefore, the invention of HPV vaccine made a remarkable contribution to the primary prevention of CC in the world; however, there are still big challenges in the clinical treatment of CC. 14, 15 Illuminating the pathogenesis of CC is urgent to explore several effective biomarkers of CC for the screen and treatment of CC patients. CircRNA was first reported by Sanger HL et al as an abnormal RNA produced by transcription disorder in the 1970s in RNA viruses. 16 It did not arouse much attention from the scientific community. However, with the tremendous advancement of high-throughput sequencing and bioinformatics methods, circRNAs have revealed to be expressed extensively in mammalian cells. 17 In recent years, circRNAs are being proven to be a critical regulator of multiple biological processes in mammal cells, such as proliferation, apoptosis and differentiation. 18 Therefore, circRNAs were considered to be important endogenous biomarkers of human tumors. 18 Indeed, an amount of evidences have shown that the expression profiles of circRNAs were dysregulated in various human cancers, such as lung cancer, liver cancer and breast cancer. 19 Recently, the biological functions of circRNAs in CC have also been well studied. For instance, circ_8924 was reported by Li W to promote the CC cell proliferation, migration and invasion by sponging miR-518e-5p family and regulating the expression of CBX8. 20 Moreover, results from Xianchao Kong el al showed that circ101996 might act as an oncogene of CC through increasing the expression of TPX2 through miR-8075. 21 In this study, a circRNA microarray analysis was conducted on two CC-associated circRNA GSE datasets (GSE102686 and GSE113696) downloaded from the GEO database (www.ncbi.nlm.nih.gov/geo) to screen specific circRNAs that might involve in the pathogenesis of CC. Among the different expressed circRNAs, circ_103973 was identified to be significantly increased. After verifying the upregulation of circ_103973 in CC tissues and cell lines, we silenced its expression through specific shRNAs to examine the effects of circ_103973 knockdown on CC cell apoptosis and proliferation in vitro. As results indicated, circ_103973 might act as an oncogene in CC.
According to the hypothesis of competing endogenous RNAs (ceRNA), lncRNAs and circRNAs could sponge miRNAs complying the principle of complementary sequence, resulting in the liberating of gene transcripts that trapped by miRNAs. 22, 23 Therefore, we conducted bioinformatics analysis to predict the target miRNAs of circ_103973 in the present study, and multiple miRNAs were identified. Of these candidates, miR-335 was selected for further study. MiR-335 was previously reported to be associated with the progression of multiple human tumors, such as lung cancer, colorectal cancer and gastric cancer. [24] [25] [26] However, up to now, only one paper detected the role of miR-335 family in the pathogenesis of CC, which suggested that lncRNA DANCR could promote CC progression by increasing the expression of ROCK1 through sponging miR-335-5p. 27 Similarly, we found that circ_103973 acted as a sponge of miR-335, and inhibition of miR-335 in CC cells could abolish the effects of circ_103973 knockdown on CC cell proliferation. Furthermore, PPP6C was identified as targeted gene of miR-335. PPP6C was reported to be associated with multiple human diseases; 28, 29 however, its implication in CC remains undetermined. In our study, PPP6C was found to be upregulated in CC, and si-PPP6C could abolish the effects of miR-335 knockdown on circ_103973 silenced CC cells.
Conclusion
In summary, our study demonstrated that increased circ_103973 promoted CC cell proliferation and inhibited CC cell apoptosis by directly increasing the expression of PPP6C through sponging miR-335. The circ_103973/miR-335/PPP6C axis provided a novel insight into the complex molecular mechanisms of CC and revealed that circ_103973 might be a potential diagnostic and therapeutic target of CC. However, additional experiments need to be carried out further to verify the influencing mechanism of circ_103973/ miR-335/PPP6C axis on CC cell proliferation, such as cell cycle detection, 3D spheroids analysis and examination of markers related to cell proliferation and cycle. In addition, many in vivo experiments confirm the roles and underlining mechanisms of circ_103973/mir-335/PPP6C axis on CC cell progress including CC xenograft formation.
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